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[57] ABSTRACT

A negative-phase output signal in an ECL circuit is
extracted by an emitter-follower circuit, and the ex-
tracted signal is differentiated at its leading edge by a
capacitor driven by the emitter-follower circuit so as to
form a pulse wave, thus the differentiated signal drives
a transistor connected in parallel with an emitter-fol-
lower resistor to which a positive-phase output signal is
supplied. With this operation, a large amount of current
flows only at the trailing edge of the output signal to
shorten the fall time of the output from the logic circuit.

6 Claims, 3 Drawing Sheets
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1
HIGH-SPEED CML PUSH-PULL LOGIC CIRCUIT
HAVING TEMPERATURE COMPENSATED
BIASING

BACKGROUND OF THE INVENTION

The present invention relates to a logic circuit which

~Operates at high speed even with a large load capaci-
tance in an LSI and can be optimally designed in accor-
dance with various required conditions, e.g., the load

capacitance, the power consumption, and the size of

each of the elements required to constitute a logic cir-
cuit, such as transistors, capacitors, resistors.

When an LSI is to be constituted by an ultra-high-
speed logic circuit, in order to increase the speed of a
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conventional ECL circuit, a circuit which allows an

increase in speed with a small increase in power con-
sumption is known, as disclosed in Kai-Yap Toh et al.,
“A 23-ps/2.1-mW ECL Gate With an AC-Coupled
~Active Pull-Down Emitter-Follower Stage”, IEEE
Journal of Solid-State Circuits, Vol. 24, No. 5, October
1989, pp. 1301-1306. As described in this literature,
such a circuit is realized by increasing a current flowing
through an emitter-follower stage only when an output
signal goes from high level to low level.

FIG. 2 is a circuit diagram of a conventional logic
circuit. Referring to FIG. 2, the conventional logic
circuit comprises: an input signal source 201; transistors
211 and 212 whose bases are respectively connected to
the first and second outputs of the input signal source
201; a constant current source 202 having a first termi-
nal connected to the emitters of the transistors 211 and
212, and a second terminal connected to a power source
VEE; resistors 221 and 222 having first terminals con-
nected to GND, and second terminals respectively con-
nected to the collectors of the transistors 211 and 212; a
transistor 215 having a collector and a base respectively
connected to GND and the collector of the transistor
212; resistor 226 having a first terminal connected to the
emitter of the transistor 215 and a second terminal con-
nected to a power source VIT; a capacitor 230 having
a first terminal connected to the collector of the transis-
tor 211; a transistor 216 having a collector connected to
the emitter of the transistor 215, a base connected to the
second terminal of the capacitor 230, and an emitter
connected to the power source VTT; a transistor 214
having a collector and a base respectively connected to
GND and a reference voltage Vref; and a resistor 225
having a first terminal connected to the emitter of the
transistor 214, and a second terminal connected to the
power source VTT.

FIGS. 3A to 3E are timing charts showing operating
states of the circuit shown in FIG. 2.

An operation of the conventional logic circuit shown

in FIG. 2 will be described with reference to FIG. 3.

Assume that the waveform shown in FIG. 3A, which
changes from high to low, is supplied from the input
power source 201 to the base of the transistor 211. In
this case, the differential outputs shown in FIGS. 3B
and 3C are obtained from the collectors of the transis-
tors 212 and 211, respectively. The positive-phase out-
put shown in FIG. 3B, obtained from the transistor 212,
serves to drive an emitter-follower circuit constituted
by the transistor 215 and the resistor 226.

The negative-phase output shown in FIG. 3C, ob-
tained from the transistor 211, is differentiated by the
capacitor 230 to be formed into a waveform having a
peak at the trailing edge of the input waveform, as
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5
shown in FIG. 3D, thus driving the transistor 216 for a
period of time corresponding to a given time constant.
Consequently, as shown in FIG. 3E, a current having a
peak at the trailing edge of the output flows through the
emitter of the transistor 216 to cause a load capacitance
240 to quickly discharge.

Additionally, when the bias voltage Vref, that is ap-
plied to an emitter-follower circuit constituted by the
transistor 214 and the resistor 225, determines a bias
current flowing through the emitter of the transistor
216. By adjusting the bias voltage Vref, the amount of
current to be discharged through the transistor 216 is
determined.

In this manner, the logic circuit shown in FIG. 2
operates as a buffer for directly transferring an input
logic signal.

In an ECL (emitter-coupled logic) circuit whose
output stage 1s constituted by only an emitter-follower
circuit, the discharge of the load capacitance 240 at the
trailing edge of the output is performed through only
the resistor 226. For this reason, if the resistance of the
resistor 226 is increased to reduce the power consump-
tion, the delay at the trailing edge of the output is in-
creased. However, by using the circuit shown in FIG. 2,
the delay can be reduced without increasing the power
consumption.

In the above-described conventional logic circuit, the
delay can be reduced at the trailing edge of the output.
However, since the differentiating capacitor 230 is di-
rectly connected to the collector of the transistor 211
constituting a current switch, the delay of the current
switch is increased at the leading edge of the current
switch output. |

In addition, although the bias current of the transistor
216 1s determined by the bias voltage Vref, since this

bias current Ib and the bias voltage Vref have the fol-

lowing relationship:
Ib= Io[c;:p{(qucf)/ (kT)} 1]

a slight change in Vref causes a great change in the bias
current Ib. This greatly changes the delay characteris-
tics of the logic circuit.

Similarly, a temperature change causes a change in
built-in base-emitter voltage VT in the transistors 214
and 216, and consequently a great change in the bias
current Ib.

Furthermore, in the conventional logic circuit, there
has been no method of optimizing the driving perfor-
mance with respect to a load capacitance.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
high-speed logic circuit which can reduce the delay of
a current switch at the leading edge of an output.

It 1s another object of the present invention to pro-
vide a high-speed logic circuit which prevents a deteri-
oration in delay characteristics due to variations in ex-
ternal constant voltage.

It 1s still another object of the present invention to
provide a high-speed logic circuit which can reduce
variations in delay with variations in temperature.

It 1s still another object of the present invention to
provide a high-speed logic circuit which can easily
optimize the driving performance.

In order to achieve the above objects, a high-speed
logic circuit according to the present invention com-
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prises a current switch logic circuit, a first emitter-fol-
lower circuit connected to a first output of complemen-
tary outputs of the current switch logic circuit, a second
emitter-follower circuit connected to a second output of

the complementary outputs of the current switch logic
circuit, a capacitor having a first terminal connected to

an output of the second emitter-follower circuit, a first
transistor having a collector connected to an output of
the first emitter-follower circuit, a base connected to a
second terminal of the capacitor, and an emitter con-
nected to a power source, a series circuit constituted by
two series-connected diodes and a resistor, and a third
emitter-follower circuit for buffering a voltage across
two ends of a series circuit constituted by the two di-
odes and applying an output voltage to the base of the
transistor.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit diagram showing the arrangement
of an embodiment of the present invention;

FI1G. 2 is a circuit diagram showing the arrangement
of a conventional logic circuit; and

FIGS. 3A to 3E are timing charts showing operations
of the logic circuits shown in FIGS. 1 and 2.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

An operation of a logic circuit according to the pres-
ent invention will be described below with reference to
the accompanying drawings.

FI1G. 1 1s a circuit diagram showing an embodiment
of the present invention. Referring to FIG. 1, the em-
bodiment comprises: an input signal source 101; transis-
tors 111 and 112 whose bases are respectively con-
nected to the first and second outputs of the input signal
source 101; a constant current source 102 having a first
terminal connected to the emitters of the transistors 111
and 112, and a second terminal connected to a power
source VEE; resistors 121 and 122 having first terminals
connected to GND, and second terminals respectively
connected to the collectors of the transistors 111 and
112; a transistor 115 having a collector and a base re-
spectively connected to GND and the collector of the
transistor 112; a resistor 126 having first and second
terminals respectively connected to the emitter of the
transistor 115 and a power source VTT; a transistor 113
having a collector and a base respectively connected to
GND and the collector of the transistor 111; a resistor
123 having first and second terminals respectively con-
nected to the emitter of the transistor 113 and the power
source VIT; a capacitor 130 having a first terminal
connected to the emitter of the transistor 113; a transis-
tor 116 having a collector connected to the emitter of
the transistor 115, a base connected to the second termi-
nal of the capacitor 130, and an emitter connected to the
power source V1T, a resistor 124 having a first termi-

nal connected to GND; a diode 140 having an anode

connected to the second terminal of the resistor 124; a
diode 141 having an anode and cathode respectively
connected to the cathode of the diode 140 and the
power source VTT; a transistor 114 having a collector
and a base respectively connected to GND and the
anode of the diode 140; and a resistor 125 having first
and second terminals respectively connected to the
emitter of the transistor 114 and the power source VTT.

Assume that the waveform shown in FIG. 3A, which
changes from high to low, is supplied from the input
power source 101 in the logic circuit of this embodi-
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ment to the base of the transistor 111. Similar to the
conventional logic circuit, the differential outputs
shown in FIGS. 3B and 3C are obtained from the col-
lectors of the transistors 112 and 111, respectively. The

positive-phase output shown in FIG. 3B, obtained from
the transistor 112, serves to drive an emitter-follower

circuit constituted by the transistor 115 and the resistor
126.

The negative-phase output shown in FIG. 3C, ob-
tained from the transistor 111, is buffered by an emitter-
follower circuit constituted by the transistor 113 and the
resistor 123 and is subsequently differentiated by the
capacitor 130 to be formed into a waveform having a
peak at the trailing edge of the input waveform, as
shown in FIG. 3D, thereby driving the transistor 116
for a period of time corresponding to a given time con-
stant. Consequently, as shown in FIG. 3E, a current
having a peak at the trailing edge of the output flows
through the emitter of the transistor 116 to cause a load
capacitance 150 to quickly discharge.

Meanwhile, a bias voltage determined by the forward

~ voltages of the diodes 140 and 141 is buffered by an
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emitter-follower circuit constituted by the transistor
114 and the resistor 125 and is applied to the base of the
transistor 116, thus causing a bias current to flow
through the emitter of the transistor 116.

In this logic circuit, since the differentiating capacitor
130 is not charged by an output from the transistor 111
but i1s charged by the emitter-follower circuit consti-
tuted by the transistor 113 and the resistor 123, the load
connected to the collector of the transistor 111 is small.
Therefore, the capacitance of the differentiating capaci-
tor 130 can be increased without decreasing the operat-
ing speed of a current switch constituted by the transis-
tors 111 and 112. Consequently, a large load capaci-
tance can be driven by the transistor 116.

Although a bias current flowing through the transis-
tor 116 1s determined by the forward voltages of the
transistors 114 and 116 and the diodes 140 and 141, since
the temperature characteristics of the respective com-
ponents can be easily adjusted inside the LSI, the bias
current can be stabilized.

In this case, since the voltages required by load driv-
ing circuits other than the current switch portion re-
quire are low, two types of power sources, i.e., VEE
and VTT, are used to reduce the power consumption.
Instead of each of the resistors 123 to 126, a constant
current source can perform the same operation as de-
scribed above.

Means for optimizing the driving performance with
respect to the load capacitance 150 will be described
next with reference to FIG. 1. According to the first
means, the load capacitance 180 can be increased in
accordance with the capacitance of the differentiating
capacitor 130. As the capacitance of the differentiating
capacitor 130 1s increased, a larger voltage is input to
the base of the transistor 116, thus allowing the dis-
charge of a larger load. In this case, if the capacitance of
the differentiating capacitor is increased, the resistances
of the resistors 123 and 125 are decreased to prevent the
time constant from increasing excessively as compared
with the operating frequency. With this operation, a
voltage pulse can be generated at the base of the transis-
tor 116 at every trailing edge of the output waveform.

According to the second means, the emitter area of
the transistor 116 is increased in accordance with the
value of the load capacitance 150. In this scheme, the
current driving performance can be improved with
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respect to the same increase in base voltage of the tran-
sistor 116, thus allowing the load capacitance 150 to
discharge a larger current.

According to the third means, the emitter area of the
transistor 115 and the resistance of the resistor 126 are
changed in accordance with the value of the load capac-
itance 150 to improve the driving performance of the
emitter-follower circuit. This means can prevent a dete-
rioration in delay characteristics at the leading edge of
the output waveform with an increase in the load capac-
‘ttance 150. | |

By using a combination of the above-described three
types of optimization methods, a logic circuit can be
optimally designed in accordance with various required
conditions, e.g., the size of each of the elements, re-
quired to constitute an LSI, such as transistors, capaci-
tors, resistors, the load capacitance, and the power con-
sumption.

As has been described above, according to the pres-
~ent invention, the emitter-follower circuit is arranged
between the current switch and the differentiating ca-
pacitor so that the differentiating capacitor can be
driven while the driving performance is improved.
Therefore, the value of the differentiating capacitor can
be increased, and a larger load can be driven at high
speed.

In addition, since the two series-connected diodes
having the same temperature characteristics as those of

Vf obtained by the transistors 214 and 126 are used as a 3,

circuit for generating the voltage Vref to cancel the
temperature characteristics of Vf, a logic circuit can be
provided, in which delay variations are small with re-
spect to variations in circuit elements and temperature
variations. | _

Furthermore, a deterioration in waveform can be
- minimized by performing one of the following adjusting
operations 1n units of gates: changing the emitter area of
the load capacitance discharging transistor in accor-
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the differentiating capacitor in accordance with the
operating frequency of the circuit.

What 1s claimed is:

1. A high-speed logic circuit comprising:

a current switch logic circuit;

a first emitter-follower circuit connected to a first
output of complementary outputs of said current
switch logic circuit;

a second emitter-follower circuit connected to a sec-
ond output of the complementary outputs of said
current switch logic circuit; |

a capacitor having a first terminal connected to an
output of said second emitter-follower circuit;

a first transistor having a collector connected to-an
output of said first emitter-follower circuit, a base
connected to a second terminal of said capacitor,
and an emitter connected to a power source;

a series circuit including two series-connected diodes
and a resistor; and

a third emitter-follower circuit for buffering a voltage
across two ends of a series circuit including said

- two diodes and applying an output voltage to the
base of said transistor.

2. A circuit according to claim 1, wherein an emitter
area of said first transistor is changed in accordance
with a load capacitance connected to an output of said
first emitter-follower circuit.

3. A circuit according to claim 1, wherein a value of
said capacitor is changed in accordance with a load
capacitance connected to an output of said first emitter-
follower circuit. |

4. A circuit according to claim 1, wherein a time
constant determined by said capacitor is changed in
accordance with an operating frequency.

S. A circuit according to claim 1, wherein a driving
performance of said first emitter-follower circuit is
changed in accordance with a load capacitance con-
nected to an output of said first emitter-follower circuit.

6. A circuit according to claim 1, wherein each of

dance the magnitude of a load capacitance; changing 40 said two diodes has the same temperature characteris-

the value of the differentiating capacitor: changing the
current flowing through the output emitter-follower

circuit; and changing the time constant determined by
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tics as those of said first transistor and of a second tran-

sistor constituting said third emitter-follower circuit.
X %X % %x % |
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